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NATIONAL ADVISCORY COMMITTEE -FOR AERONAUTICS

ADVANCE CONFIDENTIAL REPORT

EFFECTS ON LON-SPEED SPRAY CHARACTZRISTICS QF
VARIOUS MODIFICATIONS TO A PONERED MODEL
OF THE BOEING XPBB-l1l FLYING BOAT
By Douglas A. King and Newton A. Mas

SUMMARY
A —-110 size powered model of the Bosing XPBB-1 €lying

boat, which was dynamically simllar to the full-size
flylng boat, was tested in Langley tank no. 1 to observe
the effects of trim and powered propellers, of lengths

of forebody and afterbody, and of various spray ptrips
upon the low-speed spray characteristics.

The effects of powering the propellers were to lower
the trim and to pick up spray that yould not strike the
propeller disks when the propellers were windmilling.
Lowerlng the trim increased the height of the spray with
respect to the hull.

Changes 1n the length of forebody or afterbody that
Increased the ratio of forebody length to afterbedy
length raised the trim and reduced the intensity of spray
in the propellers.

Spray strips having the form of thin plates pro-
Jeoting vertically downward from the forebody chines were
found to be very effective in preventing spray from
striking the propellers. Fillets between the spray stripsa
and the bottom of the hull markedly reduced the effeg-
tiveness of the spray strips. The unfilleted vertical
spray strips were about as effective in controlling the
spray as spray strigs of the same 1en§th having an angle
of down flare of 300 and extending out from the chine so
as to Increase the beam by almost 13 percent.
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INTRODUCTION

In a relatively small range of speed, which is just
below hump speed, the spray from the forebodles of heavily
loaded flying boats strikes the propellers. The quantity
of spray increases with gross load and has become a factar
1imiting the gross load at which some flylng boats can
take off.

The effects of load and forebody length, length-beam
ratio, angle of dead rise, spray strips, and chine flare
upon the epray characteristics of various models have
been reported in references 1 to 6. The tests of refer-
en258 1 to 6 were made on unpowered models. Other model
ts:'ts (reference 7) have shown that the inflow of air to
porrared propellers plcks up spray that does not hilt the
pe s wlisr disks when the propellers are windmilling. 1In
a’igthasn, powering the propoellers causes the trim of a
poreacd modcl to be lower than that of the same model
wlltasut power., The spray charactcristles of any hull are
affocted by trim.

The. effects upon the spray characteristics of trim, ——
povered prorsilers, length-beam ratio of the forebody and
aftervody. ani of several types of spray strips attached
to the forcholdy chines were Investlgated by tests of a
powered mcricl of the Boelng XPBB-~1l flying boat. The
effects oif some of these modiflcations on resistance and
longitudlinal stablllty were also investigated.

SYMBOIS
Ao
Ca gross-load coefflclent (-)
°© pj
wb
CR reslstance coefficlent (—5—)
>
wb
Vv
Cy speed coefficlent ([ —
_ Veb
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where
Ao gross load.on water, ‘pounds
w wel t density of water, pounds per cublc foot
lj for these tests)
b beam of hull, feet
R reslistance, pounds
v . speed, féqt per second
g acceleration due to gravitﬁ, 32.2 feet per second
per second
and
6p flap deflection
6q elevator deflectlion
Ly forebody length
Ly afterbody length
a depth of spray strips of forebodies Fj;p and Fj3
T trim, degrees '
r radius of fillet between spray strip and bottom

of hull of forebodies Fjp and Fj3

Any conslstent system bof units may be used,
MODEL

The basic model, Langley tank model 17hF1Ah,was a
f%-size model of the Boeing XPBB-~1l flying boat and was

dynamically similar to the full-size flying boat. A
sketch showing the general arrangoment of the model 1s
given in figure 1. The baslic model was supplied by the
Boelng Aircraft Company.
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The model differed from the actual flying boat in
that the bow gun turret and pllot'!'s canopy were replaced
by a simpler deck and the walst gun turrets were omitted.
As is customary at the lLangley tanks, leading-edge slats
were added to the model tp correct for the loss in mexi-
mum 1lift that would be obtalned with the model wlng with-
out slats at the low Reynolds number required in tank
tests of dynamlc models.

The. model was powered by two 2-horsepower varlable-
frequency alternating-current motors, which drove three-
blade metal propellers 1.65 feet in diemeter. The pro-
pellers operated at such a combination of blade angle and
rotational speed that the varilation of thrust with forward
speed approxlmated that corresponding to the full-size
flying boat.

Two forebody lengths, two afterbody lengths, and
seven spray strlps were tssted. Sketches and -designatlons
of the varlious parts and modiflcations of the model are
glven 1n figure 2. The baslc forebody F,y (fig. 2(a))
had a length of 42,65 inches and an angle of dead rise
of 17.99.. The bottom adjacent to the chine was horizontal.
Forebody F), (fig. 2(b)) was li inches longer than the

basic forebddy. '

All the spray strips (figs. 2(c) to 2(h)) were
attached to the baslc forebody F;. The spray strips

that Increased the beam had an angle of down flare of 300
and projected 0.8 inch out from the sides of the hull,
They differed only in length. A length of 9.75 inches
was removed from the aft ends of the spray strips of
forebody TI'g to form forebody F7. The forwvard part of

the spray strips of forebody F7 was falred 1nto the
hull to form forebody Fg. The spray strips theat did

not Increase the beam were formed from —g-inch metal
strins projJectling vertically downward from the chilnes

and had approximately the same shape 1In elevatlion view

as the spray strips of forebody Fg. The depth of the
spray strips of forebody" Fip was O. 8 inch and that of
the spray strips of forebody -Fq7 was 0.4 inch. Fillets

of l-inch and i—inch radius were inserted between the

spray strips of forebody Fi1 to-fofm forebodles Fqo
and F13, respectively.



NACA ACR No. IS5FO7 JE 5

The basic afterbody ), (fig. 2(1)) had a length

of 33.l inches and an angle of dead.rise of 20°, The
length of the extended afterbody 4> (fig. 2(})))

was ;3.1 inches. The keels of both afterbodies were at
an angle of 5.4° to the forebody keel. : :

TESTING APPARATUS AND PROCEDURE

Tests were conducted 1n Langley tank no. 1 with the
apparatus substantially as described in reference 8
except that ln the present tests the model was towed
under the main carrilage.

The ranges of speed in which spray entered the pro-
pellers were determined visually during runs made at low
accelerstions.

Tests were made at gross-load coefficilents CAo

of 0.91, 1.1, and 1.28, which correspond, respactively,
to gross loads of 65,500, 82,300, and..92,400 pounds. The
condltion for the tests was for full-power operation,
free to trim, at a flap deflection 64 of 20° and an

elevator deflection 8y of -10°, The center of gravity
was located at 28 percent of the mean aerodynamic chord.

Measurements of resistance were made during runs at
constant speed.wlth propellers windmilling, - The reslst-
ence 1includes both the water resistance and the alr drag
of the model but not the alr drag of the towing gear.

In the tests made to determine tlhie effects of trim
and of alr flow Into the propellers on the spray charac-
terlstics, the gross-load coefficient was 0.91 (full-size
gross load, 65,500 pounds) and the flaps were deflected }45°
Photographs of the spray were taken at several constant
speeds at power-off and power-on conditlions. For each
speed tested, two flxed trims were used, which corre-
sponded to the free-to-trim trims for the two condltions
of power.,
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RESULTS AND DISCUSSION
Effects of Trim and. Powered Propellers

The effects of trim and powered propellers on spray
characteristics are shown 1In figure 3. These photographs
were talken with the model operating at a gress-load coef-
ficlent of 0.91 and a speed coefflclent of 1.73.
Lowering the trim approximately 2° increased the height .
of the bow spray approximately 1 Inch with respect to the
model. The powered propellers picked up spray from the
bow "blisters" even though the blisters were relatively
fer boelow the propeller disks. G

Effect of Length of Forebody and Afterbody
The effect of length of forebody and afterbody on

the range of speeds in which spray struck the propellers
is glven in figure |} and in the following table:

Range of Cyf - " |Range of Cy

in which Trim | in which '| ~ Trim
: Ly spray struck| - (deg) |spray struck (deg)
Model Er- propellers -| propellers
A
= N = 0.91
Cp, = 1.1k Cag = 0-9

F14),-{1.28/1.5 to 2.3 |6.0%08.9{1.6 to 2.0 [6.2 to 7.0
FlA2 {1.08{1.4 to 2.6 Litob.7]1.6 to 2.2 |L.b to 5.0
Fi4p | +98|1.4 to 2.7 |3.7t07.0[1.6 to 2.5 |3.8 to 5.3

For convenlence, the length of the forebody 1s taken as
the distance, measured parallel to the base line, from
the step to the intersectlion of the keel and chine at
the bow. ) ' :

Lxtending the baslc afterbody 30 percent of the
original length (80 percent of the beam) to form
model 174F,A, lowercd the trim approximately 3° in the

range of speed in which spray struck the propellers and
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groeatly increased the Intensity and volume of spray in
the propellers. The range of speed in which spray struck
the propellers was greatly Incrsased. Extending the
length of the forebody of model 1TLF 4, 9 percent of the

original length (32 percent of the beam) to form
model 17hFhA2 raised the trim approximately 1° and

decreased the intensity of the spray that struck the
propellers. This decrease In intensity would be expected
from the results of reference 1.

Decreasing the ratlo of forebody length to afterbody
length lowered the fre¢e-~to-trim trim, increesed the
range of speed in which spray struck the propellers, and
increased the intensity of the spray. As has been shown,
lowering the trim increased the height of the spray and
brouht it more under the influence of the inflow to the
propellers.

The effect of length of forebody and afterbody on
the variation of trim and resistance with speed is shown
In figure 5. The extended aftsrbody A, lowered the
trim'in the speed range in which spray struck the pro-
pellers approximately 3° and caused a high peak in the
resistance curve at a speed less than hump speed. At the
high trims caused by the load coefficlent and elevator
deflection 1in the planing range, the extended afterbody
lowered the trim approximately 26. The hump resistance
was decreased approximately 13 percent and the reslstance
at high speed was decreased slightly. Extending the
length of the forebody (changing from model 174F,A, to

model 17hFhA2) raised the low-speed trim approximately 1°
and decreased the resistance at all speeds to a value

below that of the basic model, These tronds arse 1n
accordance with the results of refercence 3.

The upper trim limits of stability of model 17L4FiAp
(basi¢ forebody, extended afterbody) were about.1l° lower
than those -of model 17hF1Ah (basic model) and about the
gsame as those of model 17hFuA2 (extended forebody and
afterbody). The low-apeed peak of the lower trim limit
of stabllity of the models with the extended afterbody Ap
occurred at a lower trim and higher speed than that of the
baslic model. At higher speeds the lower trim llimits of
stablllity of all three models were approxlmately the same.
These trends are in accordance wilth the results of refer-
ence 9, In which a general dlscussion of trim limits of
stability 1s presented.
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Effect of Angle of Dead Rise .

As shown in figure l, the range of speed in which
spray entered the propellers of the model with an angle

‘of dead rise of 230 was about the same as that of the

basic model, which had an angle of dead rise of 17.9°.

The intensity of spray in the propellers was approximately
the same for both models. Tnese results are not in
accordance with the results of references 3 and L, the
tests of which were made on unpowered models.

Effect of Various Spray Strips
In indication of ths effectiveness of the various
spray strips on- -the basic forchody in controlling the
sprey is given in table T,

Spray strips that incroazud beam.- The spray strips
of forcbodics Ig, Fp, and Fg projected 0.0 incn

(0.06lL boam) beyond the chincs, which incrcascd the boam
1% perccnt, and had an angle of down flarc of 30°, They
differed only in length, The load and spced ccefficients
of the modcls with forebodics F6’ F7, and FB were

based on the bcam at the step, which was the linear
dimension used in computing the coefficients of the basic
model. i:gual load and speed coefflcients therefore
represent egual loads and speeds in all cases.

The epray strips were similar to spray strips that
had teen shown to be effective in tests of another model
in the Langley tank no. 1, These spray strips were
repertcd by the manufacturer to be effective when applied
to the full-size flying boat. In the present tests, the
spray strips of forsbodies Fg, Fog, and Fg were also
effective in keeping spray out, cf the propellsrs, Short-
ening the spray strips made the spraj slightly more
intensc,; bub, as shown in a photograph in table I, the
spray of the model with the shortest spruy strips
(modol l?hF8Au) did not strikc the propellérs., The spray

appeared in the form of individusal drops instead of the
smooth blister that mey be observed in tests of most
modela .

The angle of down flare of the épray strips of fore-
body Fg was changed from. 509 to 20° with a rcsulting
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8light loss in effectiveness in controlling the spray.
only visual observations were made and no model number

"‘was assigned to this modification.

‘The, variation of trim and resistance with speed of
model 171|.F2A 1s compared with that of the basic model

i1n figure Below the hump speed, the spray strips
increased the trim and resistance slightly. The hump
resistance of model 17hF8Ah was about % percent greater

than that of thf basic model.

The addition of these spray strips to the forebody
lowered the trim limits of stability slightly. :

Spray strips that d4id not lncrease beam.- The spray
strivs of forebodles Fip, F11, F12, and F313 were

formod from 2 -inch metal strips projecting vertically

downward fro% the -chlnes.

The spray strip of forebody F,5, bhaving a depth
of 0.8 inch (0.06l beam), was very effective in keeping
spray out of the propellers. Only occaslional and momen-
tary splashes of spray struck the propellers at speed
coefficients from 1.55 to 2.07.

Decreasing the depth of the spray strips to 0.04 inch
(0.032 beam) to form forebody Fj; Increased the lnten-
sity of the spray very slightly. ~As shown by thie photo-
graphs 1in table I, the vertlical spray strips of
forebody Fy7 were about as effective 1n controlling

the spray as were the spray strips of forebody Fge.

Adding fairings of l—inch and-l-inch radii to form

forebodies Fio and F15’ respectively, almost com=-
pletely nullified the effectiveness of the spray strip
of forebody F;;5 - in keeplng the spray out of the pro-

pellers, The 1lntensity of.the.spray of forebodles Fj2
and Fl wes somewhat less than that of the baslic fore-

body Fj, and appeared 1in the form of individual drops
rather than in the more usual relatively smooth blister.

The effects of the spray strips of forebodles Fi00
F11s F12, &and Fy upon the reslstance and stabllity
characterlstics of the model were not determlned.
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: The addition of spray strips to any flylng boat
would probably increase the ailr drag of the flying boat.
In this regard, the vertical spray strips of forebody Fi1
offer an advantage over other types 1n that they could
be retracted vertically upward on the sides of the hull,

CONCLUSIONS

Tests of a .~.-size model of the Bdeing XPBB-1 flying

) 10 . .
boat, which was dynamically similar to the full-size
flying boat, were made with propellers operating in order
to determlne the effects of trim.and powered propellers,
1en%th of forebody and afterbody, and varlous spray

rips on the low-speed spray characterlstlics. The tests,
which may reasonably be expected to apply to other types
of flylng boat, indlcated the followlng conclusions:

; l. Spray strips that extend vertlcelly downward
Irom the forebody chilnes without appreclably increasing
the beam were about as effective in controlling the bow
spray as spray strips that extend outward and downward
friom the chines and increase the beam. Both types of,
spray strips were effective in keeplng spray out of the
propellers. ) ,

2., Changes in the length of forebody or afterbody
that increased the ratlo of forebody length to afterbody
length raised the trim and deoreased the lntensity of
spray in the propellers. .

3. Lowering the trim increased the height of the
bow spray with respect ‘to the hull,., -..

Langley Femorial Aeronautical Laboratory
National Advisory Commlittee for Aeronautics

Langley Fleld, Va..
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TABLE I.- EFFECTIVENESS OF VARIOUS SPRAY S8TRIPS

Transverss half-section " Forabody pr-A_i charecteristics. at "cAg":*-l'n‘
"
|
iDre.e
I FiA)3 Cy = 1.90
. 44 Heavy spray in propellers at speed
cosfficients from 1.7 to 2.33
. Some reduction in intensity of spray
Fll- and in range of speed in which
spray struck the propellers
Fg end 'P7 No spray struck the propellers
Jo- l
1
..l \‘ FB
~-0.064 b e
FBAh; Gy = 1.90
Spray slightly more intense than for Fgs
but no spray struck the propellers
Only occasional and momentary splashes of
1"‘11;) spray struck the propellers at speed
coefficlents from 1.55 to 2.07
_1——1
d
j_ 1
1_-.“'-\] F11
0.005 b
Fygs 4 = 0.06lb FiiA; Cy = 1.90
- 0%2b About the same as Fi0 oxcept
F115'd = 0.0% splashes more frequent
Heavy spray struck propellers at
P speed coefficlents from 1.55
12 to 2.07; somewhat less spray
struck propellers than for Fy
K !
JL ’ F15 About the same as for Fjp
0.005b -
0.032 b
Fyp; ¢ = 0.08p
F]_}; r = 0,02b

NATIONAL ADVISORY
COVM¥ITTEE FOR AERONAUTICS
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